Abnormalities in brain chemistry induced by acute or chronic treatment with LPS were studied in the rat model. Ex vivo brain metabolites were measured using proton magnetic resonance spectroscopy, whereas serum corticosterone levels were determined using radioimmunoassay. We observed increased lactate levels in all measured brain regions and decreased choline in the hypothalamus after chronic LPS treatment. Acute LPS treatment led to an elevation of corticosterone, whereas chronic LPS treatment led to attenuation of the HPA response. These findings suggest that chronic inflammation induced by LPS could lead to cell loss/dysfunction, and hence, desensitization of the HPA axis, particularly in the hypothalamus. D
Introduction
During a bacterial infection, an endotoxin, such as lipopolysaccharide (LPS), can trigger an immune response in the host. Prior exposure to sub-lethal doses of LPS allows an animal to survive a subsequent lethal dose of the same endotoxin (Harbuz et al., 2002; West and Heagy, 2002) . This phenomenon is called endotoxin tolerance and, while it has long been thought that endotoxin tolerance may be a defense mechanism, some researchers now believe that it may actually be a dysfunction of the host's immune system (Curley, 1996; Ayala et al., 2000; Varma et al., 2001; Song et al., 2002) .
The hypothalamic -pituitary -adrenal (HPA) axis is activated in response to an immune challenge (Elenkov et al., 1992; Hadid et al., 1999; Beishuizen and Thijs, 2003) , and is strongly activated by LPS (Beishuizen and Thijs, 2003) . Corticosterone, a glucocorticoid stress hormone with anti-inflammatory effects, is released by the adrenal gland in response to activation of the HPA axis (Elenkov et al., 1992; Giovambattista et al., 1997; Hadid et al., 1999) . Repeated exposure to an escalating dosage of LPS can result in desensitization of the HPA axis (Chautard et al., 1999; Beishuizen and Thijs, 2003) , which could inhibit the antiinflammatory processes and result in a prolonged inflammatory response.
Systemic inflammation has been linked to the pathogenesis of several neurodegenerative disorders (Harms et al., 1997; Liu et al., 2002; Barcia et al., 2004) , and patient's suffering from such disorders exhibits alterations in several brain metabolites, including choline and lactate (Harms et al., 1997; Govindaraju et al., 2000) . An alteration in choline indicates membrane turnover (Tong et al., 2004) , and changes in lactate may reflect an oxygen deficiency in a particular tissue (LaManna et al., 1996; Govindaraju et al., 2000) .
Magnetic Resonance Imaging (MRI) and Spectroscopy (MRS) are useful tools to measure changes in the brain. While MRI gives a better understanding of the morphological changes in the brain, MRS allows quantification of specific metabolites, such as choline and lactate, in the brain
